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ABSTRACT
INTRODUCTION
Energy sustainability is an essential part of world's developmental drive in this century and in order to achieve a sustainable development, the demand for energy efficient systems is on the increase, the likes of which has never been recorded before. This has led to more compact devices and systems being designed and built daily. However, conventional heat transfer fluids such as water, ethylene glycol, propylene glycol, mineral and engine oil, glycerol etc. cannot deliver efficient thermal management as required in these devices due to their poor thermal properties [1] compared to the high density heat energy produced in these systems. Although colloidal suspension was first introduced back in 1873 by Maxwell [2] in a bid to improve the heat transfer characteristics of the conventional heat transfer fluid, a breakthrough was not achieved until Choi's unique pioneering of nanofluids in 1995 [3] . nanoparticles dispersed in conventional heat transfer fluids. A mixture of two base fluids such as ethylene glycol-water [4] [5] [6] [7] [8] , and mixture of two nanoparticles such as NiO-YSZ [9] has also been used in the synthesis of nanofluids and their thermal and rheological properties studied.
The dynamics of the challenges of thermal managements of new and emerging industrial equipment and/or systems are yet to be fully understood in the wake of this new heat transfer fluid (nanofluid). A number of research efforts aimed at understanding the dynamics of nanofluids thermal properties have been published such as thermal conductivity [10] [11] [12] [13] , viscosity [14] [15] [16] , convective heat transfer [17, 18] , electrical conductivity [19] [20] [21] , specific heat capacity [22] , thermal diffusivity [23] , density [24] . However, the search for a lasting explanation to the anomalous behaviours of nanofluids as depicted from different literatures continues. In one of the earliest studies on nanofluids, Wang et al. [25] 
EXPERIMENTAL
Sample preparation and morphology
The -Al 2 O 3 nanoparticles used in this investigations were manufactured by Nanostructured Amorphours Inc. USA. They are of 99.97% purity with true density of 3. 
Electrical conductivity measurement
The electrical conductivity of the samples was carried out using CON700 from EUTECH Instruments. The device is equiped with a 2-cell electrical conductivity electrode meter with a nominal cell constant k = 1.0. The apparatus came with a built-in thermistor temperature sensor with automatic temperature compensation (ATC). It was calibrated with 1413 µS standard calibration fluid supplied by the manufacturer repeatedly at 25 o C and the measured value does not only agree with the standard value but was also repeatable (Table   1 ).
pH measurement
In the present investigation the pH measurements were carried out using a bench top pH/mV meter with pH measurement accuracy of 0.3% and manufactured by Jenway (model: 
EXISTING EFFECTIVE VISCOSITY, ELECTRICAL CONDUCTIVITYAND pH MODELS MODELS Effective viscosity
Theroretical analyses of colloidal suspensions is over a century old and the inconsistent behaviour of suspensions leave researchers without choice, but to explore more in an attempt to find the causes of the atypical behaviours of colloid suspensions. As more experement is carried out daily on colloid suspensions (i.e. nanofluids) and discovery of new possible causes of enhancement discussed with the formulation of new models, it has been shown that the existing classical model can not predict in many cases the behaviour of nanofluids. Batchelor's model [33] when critically studied will be seen, in the limit of a very low particle volume fraction, to reduce to Einstein's model. The effect of interactions between particles was however, considered in the development of this model given as:
Another extension of Einstein's model is the work of Brinkman [34] , 
where  p is density of the particle, d p is the diameter of the particle, C is the correction factor for the creeping flow assumption, V B is the Brownian velocity derived by Prasher et al. [35] and  is the distance between the center of particles, which is given as: 10 Hosseini et al. [36] also formulated recently an analytical model for the prediction of nanofluids viscosity using dimensionless groups. Parameters considered were the viscosity of the base fluid, hydrodynamic volume fraction of nanoparticles, diameter of nanoparticles, thickness of capping layer of the nanoparticles and temperature respectively, to give the following expression:
where m is a system property constant, ,, X Y Z are empirical constants obtainable from the experimental data. It should however, be noted that there are still limits to the application of the newly developed model and basically experimental data is the only reliable resource that can be worked with.
Electrical conductivity
Taking an assumption of electroneutrality (a situation where the positive ions are balanced with the negative ions) in stable base fluids is adequate. The introduction of nanoparticles at different volumetric fractions leads to a change in the ionic configuration of the initial system due to; (i) dissociation of ionic group at the particle surface, (ii) adsorption of ionic group to the particle surface, (iii) isomorphous substitution of ions etc. Nanoparticles have residual charges due to the methods of synthesis and when introduced into a presumably electroneutral base fluid, modification of the ionic strength of the suspension medium far away from the particle surface occurs because the charged particle attracts counterions firmly to its surface. Therefore, in the base fluid there exist the deficiency in the counterions and surplus of particle coions [37] . As a result the electrical conductivity of the system will be altered. In essence the electrical conductivity of nanofluids relates to the surface electrokinetics interplay with the ionic situations in the bulk.
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Based on equivalent cell model as depicted in Figure 5 , Ohshima [38] [39] [40] [41] 
Note the dependence of the relative electrical conductivity on volume fraction in Eq. (11) above. Experimentally, White et al. [20] in an investigation of Propylene glycol/ZnO 12 nanofluids showed that surface charge which is a measure of electrical conductivity varies with increase in particle volume concentration, and counter ion condensation (a situation whereby electrical conductivity cease to increase or reduces to plateau with further particle loading) occur due to increase in volume concentration.
Nanofluid's pH
The pH and Zeta potential of nanofluids have been investigated to determine the isoelectric point (point of zero charge) as well as the implication of their effects on the agglomeration kinetics (stability) for different nanofluids [39] . The electro-kinetic potentials of the EDL and zeta potential are two related quantities that influence the electrical-viscosity behaviour of nanofluids. Rubio-Hernández et al. [40] studied the effect of pH on nanofluids zeta potential and thickness of EDL. Timofeeva et al. [41] showed that by adjusting the pH values of nanofluids can achieve meaningful reduction in the viscosity value. They reported 34% viscosity reduction by changing the pH of SiC-water nanofluids from 5.5 to 10.3.
Conversely, Zhao et al. [42] showed that viscosity increases with pH manipulation. This shows that careful manipulation needs to be carried out with respect to the zeta potentials of the nanofluids so that stability is not compromised.
An important aspect of pH of nanofluids that have not being explored is the effect of temperature variation. The pH affects stability of nanofluids as it dictates the obtainable zeta potential (mV), therefore, the effect of temperature needs to be studied. This will inform the level of modification needed for stability. For instance, if the highest mV is recorded at a particular pH at room temperature and the nanofluids working temperature is proposed to be Hosseini et al. [36] was also tested with the present experimental data. However, the classical models [32] [33] [34] under predicted the present experimental data while Hosseini's model over predicted the current data with regards to it enhancement with nanoparticles volumetric loading. Conversely, an empirical model of the form presented by Namburu et al. [43] as 14 shown in Eq. 11 precisely described the dependence of the observed effective viscosity on temperature as shown in Figures 9 and 10 . Maximum deviation of this equation with the experimental data is not more than 8.3%. This is also in line with the observation of Kole and
Dey [5] and Kulkarni et al. [44] on the use of this expression. Table 2 
The effect of temperature on the electrical conductivity of the -Al 2 O 3 -glycerol nanofluids has been studied and the results show that temperature greatly influenced the electrical conductivity as presented in Figure 11 . The data presented in Figure 12 reveals the effect of -Al 2 O 3 nanoparticle loading on the electrical conductivity of glycerol. In the figure, it is convenient to say that the increase in volume fraction does not have much significant effect on the electrical conductivity. However, at 0.5% volume concentration, the highest value of electrical conductivity was recorded across all temperature which later reduced to plateau due to what is termed as counter-ion condensation [20, 45] . with temperature, as pH affects zeta potential a great deal. Therefore, the zeta potential of this nanofluid can be studied to determine the region of good stability and to inform which temperature the nanofluid can best be designed to function.
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